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[ ] n jfc-efcs mi <^^^<t P ^-e$,5 

or. 

^IS^2 <Z>^**»«:5t!ftiRJl"C*>9 . 

fMoatiMttME g 2 t e g ,>e g z&m&zmti 

MTE«i e v) £ atrial 

2 O «^»fn;*Jjc a ( eV)i^0|( xl 
-%0 <0. 5©H«lrifctct«:1»tfct5*» 

fcmz*) t>x*JttmizmAztix^&n*&i \z&m<o 

mt <om^ S&3 h [Cffiit, 

mmm3 <D^fcm<D*g$\mffiE g it nrn&mmmE 

s E g 3>E g >OHff«rttfc-*-m*4(l U=fcr*2 

[ RMS ] mmm3 v>*mftm<nm*mfut> x 
s (ev) fctte*^«wjz«*as, ( ^ 

0 . 5 0>BB«KrWfcL, 

ftfrfEfg3 0>¥3MM0>KJ»S5 o n mWTt?*5»*S 

3 tCiS^(D±^mm o 

[ 1***6 3 ^15^3 0>4UftfM*', Z n fcj: tflll 
b fejcMfrh it lifts 'Pt£< 1 t> —KD^m&lstr^t 
if ^ttz n tflllb K7c*3d»& iltfftS 

MCMtMoMMVME g «■& ^IS^^^F^E g it 
Eg «s>Eg ^HttfrMfti-ritMtgCl £/c«2 tc 

[ if^8 ] SWEJfelWi(Oa^-«fii/3 XlN .( e V) 
t ftl&m z F&fQtJx*t&, ( X2-x«ks) ^0. 5<D 

( ss*«9 1 mrnrnmrntK ax 2O3. Ga 203, s 

1 3N4. Si 0 2 , Mg Fi&fctfMg OfrbmttiXZ'P 



5> RMi *fc«2 IcettOAMtt. 

[ M**l 1 ] ftftf2!&2 to¥m#m&* I b m^m. 

*>*MMt4(l ftv^Ui 0 ^^TftaMcSEtf^Rttfe. 
[ 2 ] «HE*1 0>¥Wffl|*S, Z n Sr^frffc 

i m&mi 3 ] mmit&mK z n t iia i^e**: £ 

*tf«Mfc«K ifcttZni: I la &5ci£<t ^^/uay 

[ 4 ] MflBfcMfe*** -flSiSZ n t^AxO 

( , TC^AteB e „ Mg , C a „ S r *$<fc tfB a 

fl»kiStfft5 4»fe< t> — o-efe«3 % 0 <X <1 Xth 

z ) -cms ttz miktaz&b&b -ra 2 tciE^ 
I it^i 5 i ifrisTc^A^Mg % mmx&o 

<X <0 . 5 ORd^NAltlMl 4 lCf5^<Oic^m 

[ mmi 6 1 nmit&m& % znt nib ^5c^<t 

«r*tf»{b». £>5 v>fiZ n i: Illb ^7n^<!r ?r^tf^ 

[ MMl 7 ] SMEfk^teAS, — afcsSZ nyBwvO 
3^y( fc^U, jc^BJiAl . Ga *>J:tW nHItf 

ft**Ke< . 0 <y<i rfe-5 0 ) r^ 

ttB e % Mg % C a , S r *5j: t/B a 3ft >fe Itf^ 

< £ t>— o-e$>«9 , o <z <i -cfeSo ) 

[ SMfcJll 9 ] SISrffi5c*C 3ft«Mg -e$>»9 % g^IBZ 

<Z <0 . 5 0Hff*Mft:-rM**i 8 {c|2^^m 

[0001] 

ftiztit I b Illb filt Vlb mt Sr^tpYb* 
[ 0 0 0 2] 

[ SX^&ff] I b WiTtm. Illb ^7C^^5<tUVIb ^ 

^f$:^^) "CfcSC u I n S e WT, CI SI 
t 1^5 l§^fe^>) $>5tMiCu (I n . Ga ) S e 2 
m J^T, CI GSgi:v^ &it*R%Lmiz. 



(3) 



%fffl2 000 -3 2373 



[0003] *»««rcwu saftwic, yt&tiim<omffl 

lfflfla*l . 4eV-l. 5 e V ft"? & 5 £ $ (C. 

l:t>^^V^^^J^3^i ^ ^ < J :: $^ ^ - C v^5o CI GS§ 

a /( I n+Ga) <Dffi.^gcttfcO . 5 — 0 . 8 <D£ # 
fc, fttiWWtfl . 4eV-l. 5 e Vi^ 9 
[0004] 

CI GS*»Wm CI GS^iHWl . 2 
e V-l .. 3 e VcnmWi w *U*. Ga/(In+G 
a ) <Z>m*$kit&0 .2—0.3 -CfcSCI GS^{^ 

s±^m?&-efi, Ga »«£j«!nn*-fr-cci Gsg^i 

[ 000 5 ] ^^#$*LTV>5iU^«l5»^<DC 

i Gs^mmii. tirfc^cd s mt yt&®.m'r?&> 

*CI GS®&£O^n^£<jg;tS 0 S3 
^Sk^O&,fta>e> C d S SrfliV^VNCI GS»1I 
tlT^O . Cd S <Dft*>B lZ®mt UTZ n O 
jBV<t* C I G S *»«ffiiS«oa»«#$ tLT 

v^ 0 L^u*^e>, ^^iicd s ie^ffiv^fc»^ 
«fc!3 i>m^t v>? Baa*s*>^ 0 ZnO^^^^C 

[ 0 0 0 6 ] ±ISPM«:»2fc-rSfc4t>, *3S9!l*, p n 
l»«:»)tt« *WM*Cd Slttttf , 3ft»oiBia 

[0007] 

*&m<Dmi (D±mmmn. n e^^ii 
co^^«cs^^0j^<gE g ^riam2 <D*m#mo>& 

M&mE g 2 <h E g i>E g 2<OB3^$:^L , iffiSB 
*i ^i#l^«f«ft^xi(ev) t ftfrf23&2 <z> 
^flcji^a^a^jcC e v) o % 2- x 

,) <0. 5 ZW&t-tZ> 0 _biB« 

[ 0 00 8 ] _bSE*l 0*»m?fe-Ctt, WIE*1 

mjfS^2 0>¥3*frJI < fc 0 t 3fcA*t<&UcJ&££ K 

[ 0 0 0 9 ] ±12^1 ffi3E*l 

»®<t nnejfS2 <7^ic, jh3 

IZgffl&feE g itf. E g 3>E g 2<Dm&$:ffitL-fZ t 



[ooio] ±ie*i <n±mmmvn. &triE!&3 o^w 

[0011] ±IS*1 (0*B&mflfeT?li, ^fl5^3 O^ff 

^^m^iSfn^xsC e v) t wriaa^ftfii^xa^ 

( X2-X2) £0. 5 <DW4fc«r«»fcL* Btrl2Sg3 O 
***Ji©ilflPiS5 0 n mOT"efc5Zi *£#£l1r\ 

jLie«^tcj:oT, ^3 <D*tm»m&h v^/nt^t 
[0012] ±e*i <D±mmm^^ m^m3 <D*m> 

t> — 0(05cm^^tf^fb^> foS L^ttZ n *5<t C^HIb 
^ V Ik&Vo-Ctb 5 ^ 1: U v \ 

[0013] ±C»1 ttG«l <7)^3 

^IS^JgO^M^tSE g ^si: MCttlHflMIE g 2 
<bd5 x Eg «s>Eg rf>BB««:Wt:-#-ci:3is#*Cv^ 0 

So 

[0014] ±ffi!Si o*»a?a-ei4. ffilBMIMOS 
f«S*x«(eV) fctWE«^«ft*%it*«, ( % 
^0. 5 (0Bi««:SlfcU, ttClftlMoinc 

[0015] ±8s»i o*»a&-ett, Mneiuud^ 

AI 20a, Ga 2 O a . Si dSU Si O2, Mg F 2*5<t 

[0016] ±IBJR1 ^12^2 

0^**«fi, Srrf2Ml O^tttHMOftSlC^ n 

[0017]!^ JLiEJ&l «>*B*»-Cf4, ^IESB2 

^^w**^, 1 b mTtm. nib ^Tn^fei: uvib m 
7tm^^tsit^%m^mx^^-tfim^^ 0 ±12 

[0018] £fc, ±mm <n±mm>%Lt?i±. «rts*i 



(4) 



%fffi2 000 -3 2373 



[ooi9Ufc, ±12^1 (D±mmm-ca. striae 
t iia m^mt sr^t^/i^ ^yj^-c^ai ^ 
[ 0020] <n±&mi&xn. 

-^Zn,*AxO( TC^AJiBe , M 

g , Ca , Sr fciU^Ba^ ilfcms 4>&< £ — o 

-cfc«9. o<x<it^, ) -e^ix^^t:^^ 

[0021] ±mmi <o±mmmxn. ^istc^ 
a&mz xhv , striax^o <x<o . s <om&&ffitz. 

[ 0022] ±mmi (Dxmmmxn, gfrisft:^ 

Znk lllb mytmk $r^tfg£{fc:#K £>5 VM2Z 
n k lllb &OT3^ ~ t 

[ 0023] _hi5fri o^mttref*. atrial 

"^ZnvB 2-zr0^r( fcfclL , 7C?£B i*A 

1 . Ga^JcOT nHIf^^KH-otfc 
9 , 0 <Y<1 T-£>£ 0 ) T?^iX^>^k^^^ 

/IICJSD Ttc^B ±5J: UfY &m<k£ ItZ^t Ciot, 

[0024] *&m<nm2 <n±mm.m*. P a^^iix 

SMi^ot, ittJie^igffc/f ^ — j&5£Z n 
C zO ( , TtmC nB e , Mg , C a % S r *3«t 

tKB a a>6iifcm<5'>&< <tt> — o-e&o , 0 <Z <1 

t-tZo ±u^2 <D±^m.nLx^ f&mt^xmm-rz 

[ 0 0 2 5 ] ±|£M2 Oic^m?&-C(±. ^IStc^C^M 

g xm % Hfriez #o <z <o . 5 <Dm&&ffitz-rz k 

[0026] 

[0027] ( ^s^fii ) nfemmi xn. &&m<D 



[ oo28] mifeBBi <n±W}mmci\,^x , si tc^ 

0 ski i <h , mm i ±(cm^^$nyi:T^m 

2 , ^^^1 3 ( fg2 . ^»flc^ 

14(11 (D^i^m) . ±^1111 5 *5<tt5S#tB^ 

itmi 6 k . ±§cm^i 5 -ticm&z titam tint 

Hi 7 £ SrH-tfo 4 te. 

1 3 X *) i> )tAttiBO{ciB^ ntv^ 0 

[0029] mmi i f-«. ^i: 

[ 0 0 3 0 ] T^m^l 2 (Ctt, tzk XL^Mo ^P>^ 

[00311 *mt*mi 3 ( ^2 <D*m&m) *ia 

^6 o ^^i 3 ^^i 4in 
wztix^So *mftmi 3 tctt, fct^wf. i b Wk5t 
m. \\\b m7tm&£xjv\b m7vm&^tf{k&®*mfr 

m&m^ZZk&XZ, ftk Cu I n S e 2 , C 

u(I n, Ga) Se 2> Cul nS 2 , Cu(I n, G 
a) S itek'&mis^Zk 25S-c#6o ^fr^l 
3 tt x ^^1 4 OBODMofc, ^®¥^^1 3a?: 

ittv^i^c &T<onmmmzjs\,*xmmxib 

5) o ^ffi^fr^l 3 a &ffi?LZ±mWmi 0 a C0»f 
&m&, H2 tC^t-fo ^S##fr«l 3 a fj\ n 

I n 3 S e u ( I n , G a ) 3 S e s^^tf % ^5 o 
[ 0 0 3 2 ] *mWm\ 4 ( mi O^ft:®) Ii % 

Utiit5o ¥%M*mi 4 tt, n ^<o^*«:JS-c*, 

4 ttCd «r**<c^( «fig7C^*fcttK 
-'^h fcLT«4v^) e ¥«Ml 4 ictt, fcirx 
^f. Z n ^^tpf^^^VN-Sr 1 2)5-c#^ 0 Zn&<5 
ttik&tok L-Cf*. ^Ltf, Z n £: lla jK5c*i: 

tf»^k«r*fctt*/U3^>fi:^#F, fc^v^^i > z n i: ii 
lb WkTtmk &St?mt%!2bZ> v>fi^7/u=z y>fb^$r 

n i-xAxO ( fc/cL , 7C3$?A riB e , Mg , Ca , Sr 
^cfct/Ba *»&i»£ft&d>ft< i:^— o-C$>"9 . 0 <X 
<1 "C^5o ) Ta$W8ft«l*i«^( «-*^^9 

owt %«±) tt5{k^fv^; tast?#6. c 
<r>m^. 7tmA<oi£^mte. o . 1 a t %u±x$>z>z 

&*s#£Lfr% -^ZnyB2^vO«Y( fcfc 

5n^BJiAl , Ga *5j:tH n^iilfK5'M< 
H-offe9 . 0 <Y<1 -Cfc5o ) T^^ix6^b 
M-WOwt %i^±) k-tZ><£&®}& 

m^^xhx^\ ^<nm^. TtmBoi^mte. 5a t % 
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i o o 3 3 j mmmmi <o*»«»i o -m, *m&m 
1 3 <D#mmmE g ^ 4 <o£*m#«e g ,fc 

tf. Eg i>Eg iOBB««r«fc-T. 3 

eV) t ¥«flcj|l 4 <0@^SfP^ 
xi(eV) 0 ^( <0 . 5 ORflit: 

[ 0 0 3 4 ] ±85®&Bll 5 Wt, g^^lMTfe^ , 

ZnOICAl W-rSilfeZnO: Al ^\ 
ITO(IndiumTin Oxide) */Bl/^ 

[0035] zimmitmi 6 _h^mnMi 5 <o^m 

BEl 5 frl TO^nO; Al x_ 

[ 0 0 3 6 ] m mi,mmi 1 tibjt&m cr 

[0037] ^m?&i 0 <7>mgtjjfe<D-m\Z-l 
[ 0 0 3 8 ] £i\ fc£ xtf;*^*y V^«fe^**ffi 

Wot, mm 1 ±icT^m^mi 2 «r»j(w« 0 * 

Ssm^Ml 2 ±fc¥3MMl 3 ^M« 0 

jii 3 ±ic*m»mi 4 sr^-rso fct 

ciot, 5 guicfto taun^i 7 

sr^rs. fct ox\ ±a$m 

ffiKl 5 ±KRatWjfclRi 6 «r»rti-S. ML 
ic^mmi 0 ft*s, WMl 3 (7) 

[ 0 0 3 9 ] 0 <D— flUcov^T, /<^K H 

*, 133 ^iStfjfw^-To 13 til, 

3 2) J Cu(I n , Ga ) S e zX'frV . ¥*(Ml 3 O 
*ffit£* S&niMl 3 a "CfciCu (I n , Ga ) 

[ 0 0 4 0 ] #KiRJiX*>5¥*{ttBi 3 MCI 

[ 004 1 ] 3WR/IMCI GSnAV^MItj^ 
fe(C*SV*T. CI GSg^f^l . 3e V 

y±yh) d*JfMe iltt^ 9 E. H 

erberhol z) Sftt, C I G S K+Oi£-7*Jt 



{Ga/(In+Ga) } <0. 5 O^tCli, Cd S 

k co^^cd s to&mitr&Pr'iD±&<*xm&j&m-e 
&mm*&m-rzx'<<{?vtbti:9 . m^iuti Ga/ 

( I n +Ga ) } >0 . 5 "CttC I GSI^W^F 

*>±a*o teds <oe*«Ft c i g s oe*iBfi: -eg* 
( v— 7 aw-s?— -r^y 7/vx 7vk y — ^ 

ir/UX. Solar Energy Material 
s and Solar Cel 1 s , 1 9 9 7 ^^TU 
4 9 #3 f 2 2 7 I) . CdSiCI GS t^ty 
K i:#O^K 13*184 ( a ) Ic, 

CdStCI GSi CO^-^-tty h d*^ y 7 fc£ t % 

od^^k [3*134 ( b ) \c^-f 0 :o^f/^ii, mm 

*mm**v 7^^:ti;<town 

I GSRO«iHfM^l . 2 e V~l . 3 e Vt'^i 
&&^z.Zks iitfifeSCdS^ZnOKi:^ 
*£Mte, ZnOliCI GSKOfi«ffO^K7 
iMEtt. CI GS|M)fi«t^M^!l7Mft 

[ 0 0 4 2 ] wCO^p fc^n^oeWffflV^K^ 
XMltt, «»^«-?-ftftl^7t *fft«lJBT-S>*CI GSi 

^tt, fi*f^»«tt^y7^W. wi-C, Ga 
*^^U *V>C u I n S e ^ C d S ^l^ftl^ 
<Oi|^fi, C d S CO^^O . 2 e V — 0 . 3eV/j^ 

t Cd S il^/^^asiCfi, Ga^g 

^2J5ti^p^ MotLC I G S ^Ig^^fP^Ifi/jN^ < 

5 0 L^i^oT, ife5Ga»«£l±m CdSOff 

I GSil^y 7^D6 a - 

[ 0 04 3 ] tltCI GSlO/<yK^» 

»IRt>aUII:CI GSKom^^l^IB^tLSo w 
:t\ ^lilted SBItZnOK*lttti-'5i:, Z 
nO^CdSi^ifl^^O. 4eV^fl> 
^C^IC. Ga <D/cCV>Cu I n S e MXh — ^cz 

mZS-Z.Z. CdSiCI GS <D=^^/\y^f — 7&\~&n&0 . 
2eV-0. 3eVt'fe^ ^r^y TttiS<0»SMtt« 
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CIGSir^/^-^l. 6 e VfcD, ftjag 

stiit**}) T<Dmmt r^^ty/oft 

ft<ftS„ L^SoT, SCIfta^ttiSTi-*. ccoj;? 
tt, ■SbWW&ir^^^— tt( t7tyh) 
±IS^iS®ffl?r#!tL-C^^l 3 ( #»ifce) jo J; 

wutv^. LfctfSo-c, mum cowman o 

Z**V T<DWm&&'J?ft< ftS, 

[ 0 04 5 ] fiUiKELfcJ: o tC, JilB*»»ttl 

R§m?&i o icj:j|xtf, iiccd s«:J8v*i\ ^OjtJ^J 

I o o 4 6 ] ( n^^2 ) mmmm2 xiz. ^is^cd 

[0047] mmmm2 <D±mmm2 o tcov*-c\ Br® 
s?r^5 tc^-To mmmm2 <o±mmm2 o « % $mm 

Ml <D±mWMl 0 <t JtifcLT, ¥9MM2 1 IrtxS 

£cd Aft 5 * 8% 9! te3!riB&-r<5 0 

[ 0 04 8 ] ¥^#^2 1 ( |£3 CD^aHWl) fc, ^ 

«ii 3 t^frjii 4 knmizmmztix^z. *m 
wm2 1 co^^j^e g 3 t ¥m&mi 3 co^j^e 

g zt l* s E g 3>E g i*>Hfi*£fflffc-*-. J£3 <D*£ZUt 

tftiZ'J>t£< bt>— *o<»7tm*'at*mkto. ifcfcliZn 
*s<fc tfiiib j^Tc^ib iltfixs d>ft< £ -o^tc^ 

[ 0 0 4 9 ] ftfc\ 2 1 (OSfilP^ x ,( e 

V) t¥iMl3(Oif8^ Xl t^, ( %2 - 
%*) ^0. 5 <OB8««:f«^-r- t WiL^ a 
¥«»JB2 1 O^JfCfi, 5 0nm^Ttfe5:i:^ 
LV\, ¥3*«l2 1 tim fcix.fi, Zn(O t 
S) I^V^CtmS, wC-C, Zn ( O, S) 
tYX^ ZntOiS^^fk^Tfeot, Zn -O 

*£^<t z n -s m&t m&i-rz. 
[00501 ±mmm2 o « % nft^m -eraifc* 
®&mokmm<Djjm-emm'ezz 0 ft**, mm*«i 

[0051] ±&mi&j&m2 <n±f&w&2 o ictixtf, 
ssatcds^f, isssb^ft^fiRm^^n 

[oo52] ( m&&«83 ) mmmm3 -cit, «&9ico 



[ 0 0 5 3 ] H^Jg^3 cD;£B£a?&3 0 fCoV^. Br® 

eis:E6 k^-t 0 mto&m <D±mmm o « % 

m o t jtttLT. «a»3 i st«^.sj« 

<n*tmtzz> fztbmm-fz Rwnfttts « 

[ 0 0 5 4 ] £1M3 1 0!> JMHRffgE g ws £ #>HfrJf 

i 3 (omm^ms g e g «ks>e g zOM&zmti 

i"o &IM3 1 am fci*tf, Al 2 03, Ga 2 
0 3 , Si iN*, Si Ot s Mg F 2 *J<tt5Mg Ori^it 
tf*L5'>ft< fct-oofta^5,ft5ft»JBS:^^6 

[ 0 0 5 5 ] ft:fb\ tt««3 1 om^fD^3 %(Nst ^ 

^ii 3 <Dm*mft*x2k^ ( x2-%«ns) £ 

0. 5<DBi^lfcnt^Uv\ ^yt, |gt»Jl3 

1 (ommns 0 n maras:^ a*#*uv\ 

[ 0 0 5 6 ] i:^mm3 0 -e^^Lfc^: 

lil^ioi^^fe-eSiit^So ft*>\ «M3 

[0057] ±ia^ss^^3 ^^mm3 0 tcj;^^ 

So 

[0058] 

[ ( S&tttill ) ^JS^Jl -Ctt. Hft^ffil -CR 

Wtfc*BSftl 0 a ICO^T, ^#Jil 3 <O^^F 

^HfttSK&^OKWattt. 1^3 <t l^it^S, 
[ 0 0 5 9 ] H^Jl <75ff^L-Cfi, 3tK*CJl-Cfo5^8» 
(Ml 3 fC^i^Eg . 2 e V^lfW^jiJ 
Z2^Cu (In, Ga ) S e CI GS 

w<^ci Gsm<ommz^ m&*¥>m*mi 3 a -e 

£><5 C u ( I n , G a ) 3 S e J5ti*j&)£& iXTV^S t U 
Tff-mUfco ^r-fcS^frJSl 4 tCtt. Zn 

ok&^^mmmigt m . 2 e v) *r*w*M» 

GS ^2 Mm, li^ItfcSCu ( I n . Ga ) 

iSesfii^Onm, KliiO . 1 ymtfeS, 

[ 0 06 0 )^lt, 3 <Ofi»flft %^C^Ji 

s^*. ^^1 3 1 *m&mi 4 <Dm^mfp^^n 

T?^, ^®^^l 3 a tfcSCu (In, Ga ) 3 
[ 00 6 1 ] If ffje*€:ia7 *5<fc tflg8 tC^-^ 0 (37 CO 

( a ) nm&mffi&j&i j sc) % ( b > &fflijkii&m& 

( Voc) % @8 CO( a ) l*&mm+( FF) , (b) tt 

^^^J^( Efficiency) £?nLT^<5o 

[ 0 0 6 2] S-f. e^co^-^iryh ( Co n d uc 
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tion Band Offset) o$f) „ ft 

^fc&a-ra^ . j mM*?-*? h &&ic*:z< 

f-*f L .J set F F *ty h jS*0 . 5 e V $k ±\zt£ 

Z> t &$k\C&'J>TZ> o CtUS. t7t7M50. 5eV 

[oo63];:t, n&w&m&nt c i g s 

li^ii. J^-fey h teO . 2 e V— 0 . 3 e Vffc^ % 
Kv^aEtft»WS#5,ti5«Sfflrt-Cfc5 0 ClixtcStL. ft 
miZZ n OSrffl^fc^tt, t7tyhtt^-0. 2e 
Vfcfcij , Cd S ^r^V^^O^j7 0 %lc{£T«w 

[ 0 0 6 4 ] w^T% tgtftSOli, 

U-Ctt, 0^( <0. 5(^U<|i, 0 ^ 

( zj-xO <o. 4) (Dm&zffitc-fm+mfQtixi 

*:W^3ft«&iStt-r3 ^i: x«T. GI G 

S miZtt L Tt> fKPWn^SSaso e V -0 . 5 e V J£il*J 

[ 0 0 6 5 ] afc*i, W&wmkttzp M*m 

&h UT> ^®tCn iCu (In, Ga) jSe sri 5 ^K 

ft*:C I GSm&feJZVtttK niCI GSllC 
«fc o T££ScF tlfcp fl^C I GSI, &fZl±mffit>mi&tfi 
Cu ( I n , Ga ) S JlT-SS^iXfcp JgC I 

[0 0 6 6 ] ( ) 3H£#I2 T-te, *i\ 

11 4 ( SI) t^5Z n ,^Mg xOl^^feiJit; 
^tetCO^T&^So Z n 1-xMg *O^I2Z n OZ —f 
y h £ Mg O*— h (02 tcEW*'** ? XJ&f&l, 
tZo Z n t Mg <73jSj£itte. 2 oco^ — h ^ftljto-r 



Siu *:z n „Mg xoi^x j»iasfa9^»e> , x a*o . 

3 ( Z n o.;Mg ojO) ^-Ctic $&IC§£< ffifS]Lfci£— 
*8-C£>9 , X . 5 ( Z n csMg o^O) Z 

n o<omm&m*k ufcia*f^5fi< «an$ ttfc 

Mg «o»ffl^5»^oaj«tt:i urn o <x< 

0 . 5 LV*. 

[ 0 0 6 7 ] Mj^it(^^5Z n t-xMg *Ojg<7) 

#>Z^k&-?$Z a ZnO©*^K^tyrttHi 
3 . 2 4 e V-C£>9 % Mg <Dttm&miXl'T& f-Oix^ 

[ 00 6 8 ]^t,Zn i^cMg xOl(7)Mg ^^Sr 
^b^^rfctt^, CI GSl^Ifu^Zn« 
Mg xO^lf Ift^i ^l<Z)I{^ti-lLfc 0 ffg 

i\ 3fett^*»ffft(XPS) ^ffiV^T. Zm^M 

gxOiitci gs ^o^tu-^ixico^-r. i^nru 

^m^^FO^C Valence Band M 
axi mum) t^SKE^o) «rS9^Lfc Q ^(C, 
jW^tt*A*e> . Z n 1-xMg xOtiCI GSSI^37 

( 1 ) izmm-tZZb^oX. Zn locMg xOltCI 
G S f&t (Dmm^F^U ^<yU^AE v( V a 1 e n c e 
Band Offset) frJ&tbb fhZ 0 J£*T 

<^^( 2 ) laot, Z n «<Mg xomtcx Gsmt 

g xOB©/<yK =¥ir v ^Eg ( ZnMgO) i:CI G 
Sm<Ds<>>h' *rW7Eg (CI GS) t te v 

( 1 ) AE v=E ™*.( CI G S ) -E ^clC Z n 
Mg O) — AE a. 

( 2 ) AE c=E g(ZnMgO) -Eg(CIG 
S) — AE v 

>fcib\ :;tit xp s zH^^v^c^M^j^^mo 
(ups) ^^v^rt>ff^t*6z<b ^fts, upss 

[ 0 0 6 9] Mg 0*^^Se{b$-frfc^*fi6 
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[0070] m*m2 mmmm2 <o*zmmm o 

3aat, Cd «:t#SttCu (In.Ga)Se 
^t« 0 MKM2 <o*»«?6-e«:, 

®1 4 ( &m) atZn wcMg xOi^ffl^t 

[ 0 0 7 1 ] MMM2 -C(i, *i\ tfy^g&iitcMo 
H»»*i, -to±tc^»frsi 3 ( ^mud t 

45Cu(I n«Ga M ) S e 2 ( CI GS ) flg&fl$ 
J5fcL Mo K&J: t/Cu(In, Ga) Se iKtt« 

anese Journ 
al of Applied Phys i c s , 199 
5 ^, 34^ L1141 &M) o *1\ Mo mteAr 

1 Mm-e&o7to Cu(In, Ga) Se2i 

te> 3 AHHK*tt-e^iftL^ 0 £i\ Ml ftKtr, 
Mo Itta>±l££«i&ft3 5 0 *Cl£T( In, Ga ) 2 S 
e JKSrJKrtL. tfctc, !&2 gpgt It, S&^5 0 

0 tm±i:#fiUTC u,Se tCu iiMttJ* 
<0Cu ( I n , Ga ) S e M&Bf&L,ti 0 MlC, Jff 

3 mat, MRfflK&fttfLfc**. I n , Ga *J 
it^Se $rI^^(C^^UT^t (I n . Ga ) tfflMNtt 
i^Cu ( I n , G a ) S e 2BH£r J&f$t U Til « C u 
( I n , Ga ) S e 2^(75^P^2 /imtfcot 
[ 0 0 7 2 ] 2fctc % _tfaci GSMRKrK^ 

Tv^roakSfc^aLT, ci Gsm<Dmm^, 

CdfeK -AfcCu (I n, Ga) Se &<5^ 

ffcj|2 1 ( ^5Zn ( O, S) K( £g 

J?10nm) Sr{b^f£B&(Cj:or^Ufco :<OZn 
(O, S) — Jl4>V?tMlAttC I GSROt 

«MMU:0 0 . 5 e V£Ui/h£< ,Zn(O f S) m 

[ 0 0 7 3 ] <£<Dm x Zn(0, S ) Bl0>±fC3M£8;/g 

1 4 ( AM) Kt, Mg Ott^^^Zn «M 
g xO^( m&0 . 1 M m) ^r^Lfco Zn ,-xMg * 
OKI*. ^0^&T*^Ufc 0 ^tf)^ 4 

■ itttfflltl 5 i L tl T OR( MO . Im 
m) *y V^fetCioT^UfCo $P>l£, ± 

SPm^Ml 5 ±{C, &9 tflLHil 7 £ ^ttB^lk^l 6 
T-&6Mg F*( JRJ70 . 12 am) SrtT^-Alf 

[ 0 0 7 4 ] X 2*0 . 0 3 n oszMg oinO^ 

«:M(cfflv^fct #<7>a«-aff«Ftt^iai i tc^i-. 

^tewmt Ltl 6 . 0 w <D 



1 2 tC^-r o Mg $r^D-T6^ . Z n 0<D^m^^ft± 
M«io»*J:9 j^3 o %fS]±L-cv^ 0 

Zn OI»)«fg^ x ,( e V) tCI GSlO^ 
i^x 2 (eV) tOK xi-xi) te*$-0 . 1 
( e V) tfcfl „ <§U1Z n OOfiiMru^/uaMS^fc 
tf>, ZnO/Zn ( O, S) O^ffitCfcV^r S»*ASig 

6 0 wHtcML. Mg Sr8SAni-5t H9 l-^-TJ;? lo< 

26, CI GS^Ot7t7h ( xz-xO aSjEirfc 

m&i2 <Dxmm^n. Mg <D^m&o . 2 ^^-e 

"fe^M %2-xt) Ofit^O . 5 e VJ£CTtf>$Sigft-e& 

[ 0 0 7 5 ] 2?;&£#J2 Z n 1-xMg xO^S: 

ZnOirMg 0<7}2 7tm**X'<iy*y ^^feCJ:ot^ 
J&LfcriS, fc^^l^feftlc^Mg O^r^PLfcC Z n O 
+MgO) roi^-^F^^Zn^gx 
O^5^^^5 o Zm-xMg xOCZnOO 

fifn^/J^ v^^«c^2 1 ( ^^r~^) at, 
ifiJlg«ji^»t(refc5Zn ( O, S) IR4rffl^iS, 
CI GSli: <7)^7-fe^ h z55l . 3 e VJ^JkOZ nSl 

CdSrK-T'LTp^CI G S K^Stcfim^n M<D& 

LTV^l^-et, ZnOffil^IV^^^iil^ 

«t9t>. itz n i-xMg xom&m^z&nmw 
i 0 0 7 6 i ( mmw3 ) n$&m3 x-&* mm&mi <d 
-ew:, s«i 1 at^^ss, T&mm& 

12a TMo K. ^frJil 3 ( ItW&M) kL,XC 
u ( I n , Ga ) S e 2> ^WfcJll 4 ( M) U 
T, «^Mft/7^||ft$ Z n yAI 2-zrO,rrl( 0 < 

Y < 1 ) % ±5BS1S®[1 5ittITO, RWBSJtlRl 
6^:1 TMg F 2 ^^V^/^: 0 /iJb\ ^flc^l 3 <D^® 
{Ctt. ^S^fr^l 3at Lt, Cu ( I n . Ga ) 
S e 2 ^r^L/c 0 

[ 0077] rnrnm (oxmmMxiL ax zOz<d^^ 

Z n Oct K> i> m*mftt}&'h£ t frb , Z n O^tC 
Al jOj^r^-r^Ci: lcJ:oTm^?D^^^3^iT^ 

<h «@t'ta o ZnrAl ^vrrlfiZnO 
^ —V~y b tA\ 2 0,f — y> h 02 tcPQ^^ ^ T* 
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IMUT$>6o ZnrAI 2^0«v^ <D J^T-f&lt 
Ul/(Zn +A1 ) } OM^O . 1 &X<Dt$te. 
Al £^0LTV^ft^Z n OM£/BV^^J;i9 t>^& 
&^{£TLT^* 0 ~ftf* % '>IOAl Sr^D^C 
i: (CJ: «9 Z n rAl 2 ^0»rl^||g^tt, if ft 

««ix5tftt#ien5 fl ai /(zn + 

Al ) OI^O . 2*MbO. 7 £Tfcfc2&^fi±L, 

*<Ottt ^otV^o Cfttt. Al 20 3 O^DS^ 
if^D-TS Zt (C<£ 0 KO«^«fnA^C I G S §|GD^ft 
£9 /h$< ft*fc*-eifc* w Al /(Zn +A 

i ) ^M^o . 7 ^±-e«, 3b*as£*jc(&TL-c^ 

*„ wftf*> ZnrAI 2-irOv2Y^m^^3^l%ti: 
CI GS ■E0>WRl*7zi& X2-X1) 2550. 

5 e V$l±b ftt> , Z n vAl 2 ^0«y^^|gi: ft 

6fc36. ci Gsnt?3feig$nfc^ty r*sttftft< 

ft^w<h IcXZb %x.<bft*o ic, Al 

^IteW^ttaot, ZnrAI 2^rO«vM 

<^m^?n^^^w-c# , ai /(zn +ai ) <om* 
o. 2-o. 7 <otsiart"eas*ai^sefe#'et6wfc^ 

[ 0 0 7 8 ] ft*i\ CI GSK^JS^ftJtC Ga / 
(I n+Ga) ) ^r^^rtiaotCI GSM 

tlirUTZnrAl 2 -2yO 3^£: fll V ^fc Al O 
ft^«9 tClllb »7C*5:fflV**:Z n vGa 2 .2yO«y( 0 

<y<i ) mwjiw^ns, fc*TL, 

[ 0 0 7 9 ] ( H^0»|4 ) mm&\4 "Ctt\ Hlfe^fli3 O 
HJ&0J4 g>Kl 1 iLt^7^SE 

TSPmH^i 2 £ UTMo ML ^InatCu 

(I n, Ga) S e 2> ¥>33Wil 4 ( HtZ 
no. 9 Mg <mOJ& 5 t LTI TO, Stt 

gSihill 6 t U TMg F 2 , *fe||yi3 1 ( ^77- 
JI) t U "CA1 aO^ffiV^fco ft*>\ ^|13(D 

fcCu(I n , G a ) S e ^r^U tc 0 

[ 0 0 8 0 ]::t, *mt*mi 4 ( M) oom^fp 

^JZ«^l*Sl 3 ( )fe&JfcJI) (OflrPWfMjz^*? 
M( x:-xi) tiv 0—0. 5e VO®i^t-fc5 e £ 
fc. «ftJl3 1 0>*-?«fd27zM( e V) 
^X2(eV) ( X 2-%«3) ^0 . 5 ( e V) 

<OH««:SSfc-r o #*<Df£Si&te2liS0iJ2 £ {5]*£T<fe 
6, ft*5. Al jO^i^lf— A^it«C<t otCI G 

c o o 8 i j ai 20,<ofmm&m?ttz&f<n % ±mm.m<D 



m&ifrmnmkiz^^x^ mi 4 tc^-r a 

(D^j^ti, Al 2030^/1^0 Al «OiK4Sft1^ 

m <D$)m-?%i&4t^XlbZ> 0 Ai 2O3^^i?d5i0n 
miS-C^iSftSii: ft*) % M®OifADJC<fc D »**sttt 
'>L, 5 0nm^littlM«<8TUfc. w OS 
StCO^T&TtwJfc-**. £1\ Al .OsCD^JiC^! 0 
n mJ:9 ft*<t£l*. CI GSl^S^Al 2 

ci Gsm&m<DX&&Bz&mi}ui,. msmm 
[0082] &mm<omm&i onmin^ 

< ft* X*3Wa*{£TL . 5 0 n xn W±-efiL»*C(ST 
Al 2 CM*CI GSmtZnuM&xOmk-CJ&J&Ztl 

*p n m&nmmbtzz* l^u. iisijws*^*:*** 
- ft^stu . mmtmimTz t mm<nmz tm-tz t \z 

fctfSoT, S^iR^P^^ci GS ^m^^D^jJ:*? t> 
0. 5 e VW±/j^ V^if^y Ltffl^ 

zm&n. mm*s 0 n m^T^K . 

ftWWKHjftS#«Ei-*. 

[ 0 0 8 3 ] ftib\ te»stf>ffcbo HJS^J2 xm^ 
pi«o3fe*as^p>n5 0 m&mt it, ai 2 o, 

Of^^«9 tCGa 2 0 3 . Si 3N4. Si 0 2 . Mg F 2 ^ 
^V^T^ Httft ft*. 

[0084] ( ^sg^j5 ) -en, -^rnmrnz v 
®>mL>ti±mmm2 o tcov^r. ^r^ftnco— ^ui^-r 

*o HSS{?H5 Ttt, H&VMl 4 ( M) ^ 

fiiHl 2 HTMo ¥^#JIl 3iltS 
^itfcCu I n( Se«Sx) ^(O^X^l) , ^ 
^fr^l 4 ( &JB) at, Z n oi»Mg o^O^. ±« 

5 £ U XI TO, ^ttg^Jh^l 6^L TMg F 

2 . ¥2*wi2 1 ( y<y -7 7 -m atZnSi(i 

mi 0 n m) £^fc 0 ftib\ t^Il 3 CD^StC 
li. il^lUaat, Cd^^W^iirfcCu 
I n ( S e ,-xSx) M&Bf&LtZo 

[ 0 0 8 5 ]CuInS 2 «C u I n S e zlCit^m+m 
fD^^fijo . 4 e V*5i:*/J^ v> e Ufc^oT, S <nm& 

mx&mtzitzzb wot, 3 

fn;&as«{M-*-« s <DHi&*Xic5t-r*a5*^o3E{b 
^, 015 (C^-T 0 Cu 1 n S e 2 

K( x=o> zm^tz&<r>u&&mx*m.&i\^tzmx&> 
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60 

[ 0 0 8 6 1 01 5 fwTrc-TJ: O S (DffiB&X d*0 — 

0. 8-vtb%mn. m&i&mte&b A/^seftLfcv^ 
x>o. s &±-ci4«*as«4>-ra. r n[;mT<oji& 

ICJ; 6 o C u I n S e 2t£*tL T g^Z n ouiMg u O 

a*o . 8 j^T^^tc^. *Mv>m*auat)b xw&m 

Cul n ( Se wcS x) iROft^SlP Mi&L'p 
1~£ 0 ZnojiMg «OOi^ift^ X t( e 

V) irCu I n ( S e iocSx) 20tfi^ Z2 ( e 

v) o^%2-xi<o. 5 oHfii«:»fe-rffiH-e 
nmmnmit\^^\ lt^l, s<a@*g5£x ambient 

An-T^i: % ( <0 ( e V) £#9 „ 

feo ^tu^L Ttm^^^^^-ra &/i 

iw^c, f&mt^x* 

[0 0 8 7 ] ft®.tiimt UCu I n 

( S e «tS x) aRSrffl^fcia^ Cu ( I n <4 Ga x) 

S e *jR( 0 ^X ^1 ) Vh m&te&m&'&bftZo Z 

<DW&. C u G a S e z^m^WLftJlYZC u I nSe^ 
"ttlZr) mo . 6 e V/Jn£ VC^^, Ga @^X (C 
J: 9 « J 3 t «ft*tt^< SE{fci-6 a Cu ( I n 

i-xGa x) S e zJ&cDX jd^bLTk . ^ti^MLtzM 

*mfati&&'rz>&m&mM'fzz tizzy m^&yyg* 

mtf&htlZ. ^(CCu ( I n t-xGa x) ( S 

e ,-ySy) aJ&M^JV^T, m^gi^ta. Ga <7}@Jg^S 

[ 0 0 8 8 ] **KOHJfiJg««cov^-CflajSr*f 
[0090] 

H«*tf£j:*U* % ffl 0>4**1*JI( SJf) &«2^« 



[0091] *%^of2 o*»«?a-ef4, &a 

2)5— n i^C z O ( fc/fL , tc^C ttBe, Mg, 
C a , S r *5J: tfB a *»P> »ff ixS 4>4< £ t> — o-C& 
9 . 0 <Z <1 -CfeS, ) X&£tlZ>mm&±f£ftk 

0-e£><5 o 

[ 1212 ] ^^(O^a^do^T. ftflO— ^JSr^-T 

$r®0T?fc-5 o 

[ 03 ] 01 {c^LTt^c^m^fco^r, avkio 
[ 04 ] '&&<n±®mmco\,^T ^ /<vkb*>— 

[ 1216 ] *J&W©;fc|MH&fc:oV^ $ ^{C^OfdlCO 
I 07 ] ^^(Dic^mmcO— ^J^o^T, ( a ) @ 

[ 08 ] *»91<fc;k»tt&<fc— WJCOV^T, ( a ) & 
^S^. fc<fcU?( b ) ^»^77t'fc5 B 

[ 09 ] msittnmtezz n ^Mg xoj^tco^r, 

[ 01 0 ] Z n locMg xO^<7)Mg ^W^Sr^k^ii- 
tit £<O x Zn locMg xOMcom^a^l^t CI GSI 

[ 01 1 ] *«w<o*»tt?&o— ^j{cov>r. m^- 

[012] Z n i-xMg xOMOMg ^W^^fktd^t 
[ 01 3 1 ZnvAl 2^rO myII'OY <75 

So 

[ 01 4 ] ^77-lT^Al lOi^lli^f 
l 01 5 ] *KiRJi-C*>5Cu I n ( Se uxSx) 2 
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10,10a, 20. 30 
1 1 SK 

i 2 T^sm^m 

1 3 *m&m( &2 <n*m#m) 



1 4 mi <o*m»m) 

i 5 _fc&«iEi 

i e Rto&sjtm 

2 1 

3 1 JgfMI 



i mi i 



[ m2 ] 



[ IU3 ] 



10 



.17 



^16 




10a 



(a) 



[ ] 




, r — 

t f|*«~*i 



(Cu(ln. Ga)Se 8 ) 



S» CCuOn. Ga),S«> s ) 



(b) 



30 



Cd s 



' ' ^- — ■ 



[ 06 ] 



3U 



-14 
-13 




[ 05 ] 



20 



2U 



-14 
-13 



[ 01 o ] 




M«$W* (at%) 



(12) 



%rm2 0 0 0 -3 2 3 



[ ®7 ] 



(a) 




(*) 




Conduction Band Offset (eV) 



-0-5 0.0 0.5 
Conduction Band Offset (eV) 




(b) 




-0.5 0.0 0.5 
Conduction Band Offset (eV) 



-0,5 0.0 0.5 
Conduction Band Offset (oV) 



[111] 



[ IS 9 ] 




40 



«« 30 



» 20 



c 

o 



Efficiency - 18.0 % 
JSC - 37.6 mA/cm 2 
Voc =0.529 V 
FF -0.677 



ao ai o.2 q.3 o.4 as ae a? 
Voltage (V) 



3.0 3.1 3.2 3.3 3.4 3.5 3.8 3.7 3.8 3.9 4.0 4.1 4.2 
hu(aV) 



(13) 



#Hfl2 0 0 0 -3 2 3 



[112] 




0.00 0.05 0.10 0.15 0.20 



I 013 J 




0.0 0.2 0.4 0.6 0.6 1.0 
Zrv^_ aY 0 3 _^K*<BAI/CZn+ AO It 
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0 10 20 30 40 50 60 70 



[ 01 5 ] 




0.0 0.2 0.4 0.6 0.8 1.0 
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